Abstract. We investigate the physical properties of a purely kinetic k-essence model with polynomial type equation of state motivated in superconducting membranes. We compute the equation of state parameter w and discuss the physical evolution of a universe governed by the polynomial equation of state and, using the adiabatic speed of sound and energy density, we restrict the range of parameters of the model in order to have an acceptable physical behavior.
INTRODUCTION
Observations provide strong evidence that the universe is in accelerated expansion [1] . This fact is certainly among the more intriguing and puzzling questions in cosmology today [2] . There are several attempts to address this question that include: the cosmological constant, brane-world cosmology scenario [3] , quintessence field [4, 5] , and kessence models [6] . Among the former proposals, the cosmological constant is the simplest choice although it needs a fine tuning value. There are different approaches to try to model the late accelerated expansion of the universe including modified gravity at large distances via extradimensions or including a dark energy component that allows accelerating universes. Scalar fields models with non-canonical kinetic terms have been proposed as an alternative way to describe the dark energy component of the universe. It was initially proposed as a possible model for inflation [7, 8] . Later on k-essence models were analyzed as an alternative way to describe the characteristics of dark energy and as a possible mechanism for unifying dark energy and dark matter [9] . Purely kinetic k-essence models are as simple as quintessence since they depend only on a single function F by means of a Lagrangian L = F(X), with X as the kinetic term. The form of the purely k-essence Lagrangian appears in the theory of superconducting membranes and it is constructuted by means of a spontaneoulsy symmetry breaking of an underlying field theory [10, 11, 12] .
PURELY KINETIC K-ESSENCE
We first give a brief review of kinetic k-essence models. In general, the k-essence action has the following form
where X = 1 2 ∂ µ φ ∂ µ φ . However, in this work we concentrate only on purely kinetic k-essence subset of models described by an action of the form
The equation of motion for the field φ can be obtained in the usual way from the last action and is written in the form ∇ µ J µ = 0, while the conserved current is [13] J µ = F X g µν ∂ ν φ , where the sub index X denotes differentiation with respect to X. The conservation of the current is equivalent to the conservation of the energy-momentum tensor [14] of the k-essence field
We consider a Friedmann-Robertson-Walker universe with metric
and the field φ to be a smooth function of X.
, that is, X is positive. We have a comoving perfect fluid energy-momentum tensor where the k-essence energy density ρ and the pressure p are given by
The conserved current gives as a result the following relation between the X parameter and the scale factor a XF
where k is a positive. The equation for the state parameter has the expression
Finally, the adiabatic speed of sound is found to be
In order to satisfy the stability condition c 2 s ≥ 0, the last equation imposes the relation da dX < 0, after using (6).
THE MODEL
We consider a generic equation of state of the form [11] 
where d, b, and c are constants and their range of validity will be determined by means of physical requirements. The relevant physical parameters quantities p, ρ, w, and c 2 s can be computed with the help of (5), (7), and (8). We have three different solutions depending on the sign of the discriminant ∆ = 4dc − (b + 1) 2 .
The ∆ < 0 case
The expression for the pressure is given by
where 2α = √ −∆. The energy density is found to be ρ = 1 2c
The expression for the state parameter is
It is worth to mention that the kinetic k-essence Lagrangian with a scaling property, i.e., L → κL , leaves the equation of state parameter and the speed of sound unchanged, and as a consequence it gives only two relevant parameters (for example, b and dc). The relation between the scale factor a and the parameter X is found to be
In Fig. 1 we present the relation between the scale factor a and the parameter X and restrict its value to 0 ≤ X ≤ 1 in order to satisfy the stability condition da/dX < 0. We have the following correspondence: when X → 1 then a → 0, and when X → 0 then a → ∞ if α > 1 2 . The adiabatic sound speed is
We would like to satisfy the physical requirement that 0 ≤ c 2 s ≤ 1. The stability condition implies 1 2 ≤ α and the positive energy requirement gives b + 1 ≥ 2a. The subluminal speed of sound condition produces the inequality 1 ≤ α. The positive energy condition is satisfied in this model if dc > 0. In Fig. 2 we represent the equation of state parameter w as function of the scale factor a. As it is seen, at the beginning of its evolution, the universe has a dust-type matter dominant component, then it evolves into radiation, and finally it tends to a cosmological constant. The evolution of the speed of sound is represented in Fig. 3 , and we can appreciate it tends to a constant.
The ∆ = 0 case In this case the expressions for the pressure and the energy density are given by The equation of state parameter is written in the form
The stability condition is not satisfied in this case because there is no region where da/dX < 0.
The ∆ > 0 case
The expresion for the pressure is found to be given by
donde 2β = √ ∆. The energy density is given by
The equation of state parameter for this case is
The relation between the scale factor a and the parameter X for this case is
Due to the oscillatory behavior of the scale factor with respect to X this model is not adequate to describe the evolution of the universe when the scale factor is large.
CONCLUSIONS
In this paper we have considered a polynomial type equation of state for a k-essence scalar field inspired in superconducting membranes and topological defects. We studied the evolution of the equation of state parameter with respect to the scale factor, and for a particular case we found that the k-essence field behaves first like radiation, then it evolves toward dust and finally it goes asymptotically to cosmological constant.
